MINIATURE OPTICAL ELEMENT FOR WIRELESS BONDING IN AN ELECTRONIC 

INSTRUMENT 

Japanese Patent Application 2000-209352, filed July 11, 
5 2000, and Japanese Patent Application 2001-165017, filed May 
31, 2001 are hereby incorporated by reference in their entirety. 

TECHNICAL FIELD 
The present invention relates to an optical element and 
10 method of manufacturing the optical element, and to an electronic 
instrument. 

BACKGROUND 

Fig. 16 is an enlarged sectional view of a conventional 

15 optical element package. 

This conventional optical element package 200 includes 
a ceramic package 204 in which leads 202 are brazed to laminated 
ceramics. An optical element 208 is fixed on a mounting portion 
206 of the ceramic package 204 . by a die bond material 210. 

20 Electrodes 212 of the optical element 208 and electrodes 214 
of the ceramic package 204 are electrically connected by wire 
bonding. Over the optical element 208, a lid material (optical 
glass) 218 is disposed. The lid material 218 is fixed to a step 
216 at the recessed edge of the ceramic package 204 by low melting 

25 point glass 220, and seals the cavity of the ceramic package 
204. 

Thus conventionally the optical element 208 is laminated 
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on the ceramic package 204, and the electrodes are wire bonded 
together, for which reason the area of the optical element package 
200 is inevitably larger than the optically active area after 
packaging, resulting in a limit to the increase of mounting 
5 density. 

The ceramic package 204 has a high, cost of materials, and 
also since the manufacturing procedure is complicated, the costs 
are further increased. 

10 SUMMARY 

A method of manufacturing an optical element according 
to the present invention comprises the steps of: 

forming a through hole in a semiconductor element which 
has an optical section and an electrode electrically connected 
15 to the optical section; and 

forming a conductive layer extending from a first surface 
of the semiconductor element on which the optical section is 
formed, through an inner wall surface of the through hole, to 
a second surface opposite to the first surface. 
20 An optical element according to the present invention 

comprises a semiconductor chip which has an optical section and 
an electrode electrically connected to the optical section, 
wherein the semiconductor chip includes a through hole, 
and a conductive layer extending from a first surface of the 
25 semiconductor ship on which the optical section is formed, 
through an inner wall surface of the through hole, to a second 
surface opposite to the first surface. 
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An electronic instrument according to the present 
invention comprises an optical element which includes a 
semiconductor chip having an optical section and an electrode 
electrically connected to the optical section, 
5 wherein the semiconductor chip has a through hole, and 

a conductive layer formed from a first surface of the 
semiconductor chip on which the optical section is formed, 
through an inner wall surface of the through hole, to a second 
surface opposite to the first surface. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is an enlarged sectional view of first embodiment 
of the photoreceiver element of the present invention. 

Fig. 2 is an explanatory illustration of a first method 
15 of manufacture of the first embodiment of the photoreceiver 
element of the present invention. 

Fig. 3 illustrates a process of a second method of 
manufacture of the first embodiment of the photoreceiver element 
of the present invention. 
20 Fig. 4 illustrates a process of the second method of 

manufacture of the first embodiment of the photoreceiver element 
of the present invention. 

Fig. 5 illustrates a process of the second method of 
manufacture of the first embodiment of the photoreceiver element 
25 of the present invention. 

Figs. 6A to 6G illustrate a process of a method of 
manufacture of the first embodiment of the photoreceiver element 
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of the present invention. 

Figs. 7A to 7G illustrate a process of a method of 
manufacture of the base for the first embodiment of the 
photoreceiver element of the present invention. 
5 Figs . 8A and 8B illustrate a process of a method of 

manufacture of the first embodiment of the photoreceiver element 
of the present invention . 

Fig . 9 is an enlarged sectional view of a second embodiment 
of the photoreceiver element of the present invention. 
10 Figs. 10A to 10C illustrate a process of a method of 

manufacture of the second embodiment of the photoreceiver element 
of the present invention. 

Figs. 11A to 11C illustrate a process of a method of 
manufacture of the second embodiment of the photoreceiver element 
15 of the present invention. 

Fig. 12 is an enlarged sectional view of a variant of the 
second embodiment of the photoreceiver element of the present 
invention. 

Fig. 13 shows an embodiment of the electronic instrument 
20 of the present invention. 

Fig. 14 shows an embodiment of the electronic instrument 
of the present invention. 

Figs. ISA and 15B show an embodiment of the electronic 
instrument of the present invention. 
25 Fig. 16 is an enlarged sectional view of a conventional 

photoreceiver element package. 
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DETAILED DESCRIPTION 
In this embodiment, an optical element and method of 
manufacture thereof, and an electronic instrument can be provided 
whereby the above problems can be overcome, more compact devices 
5 can be achieved, and electrical conduction can be obtained on 
both surfaces. 

( 1 ) A method of manufacturing an optical element according 
to the embodiment of the present invention comprises the steps 
of: 

10 forming a through hole in a semiconductor element which 

has an optical section and an electrode electrically connected 
to the optical section; and 

forming a conductive layer extending from a first surface 
of the semiconductor element on which the optical section is 

15 formed, through an inner wall surface of the through hole, to 
a second surface opposite to the first surface. 

According to the embodiment of the present invention, the 
through hole is formed in the semiconductor element, and the 
conductive layer is formed extending from the first surface of 

20 the "semiconductor element on which the optical section is formed, 
through the inner wall of the through hole, to the second surface 
opposite to the first surface. Therefore, the electrical 
connection with the exterior is achieved by using the conductive 
layer formed to extend to the second surface. For this reason, 

25 a conventional ceramic package or the like for forming external 
electrodes. is not required, the cost can be reduced, and further 
the mounting area is greatly reduced, and higher density mounting 
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is made easy. 

(2) In this method of manufacturing an optical element, 
an external electrode which is electrically connected to the 
conductive layer may be formed on the second surface of the 

5 semiconductor element. 

(3) In this method of manufacturing an optical element, 
after forming a stress relieving layer on the second surface 
of the semiconductor element, the conductive layer may be formed 
over the stress relieving layer. 

10 (4) In this method of manufacturing an optical element, 

after forming a stress relieving layer on the second surface 
of the semiconductor element, the conductive layer may be formed 
over the stress relieving layer, and the external electrode may 
be formed in a position on the second surface corresponding to 

15 the stress relieving layer. 

(5) In this method of manufacturing an optical element, 
the semiconductor element may be a semiconductor chip cut f rom 
a semiconductor wafer. 

(6) In this method of manufacturing an optical element, 
20 the semiconductor element may be part of a semiconductor wafer, 

and the semiconductor wafer may be cut into individual chips 
each of which is the semiconductor element. 

If the semiconductor element is part of a semiconductor 
wafer, at the stage of the semiconductor wafer before dicing 
25 into individual semiconductor chips, the electrical connection 
between the first and second surfaces can be achieved. Therefore, 
the manufacturing procedure is simplified. 
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(7) In this method of manufacturing an optical element, 
after forming the conductive layer, a light-transmitting member 
may be provided on the first surface. 

(8) In this method of manufacturing an optical element, 
5 after forming the conductive layer, a light-transmitting member 

may be provided on the first surface; and 

the light-transmitting. member may be of substantially the 
same shape as the semiconductor chip. 

(9) In this method of manufacturing an optical element, 
10 after forming the conductive layer, a light-transmitting member 

may be provided on the first surface; and 

the light-transmitting member may be of substantially the 
same shape as the semiconductor wafer. 

(10) In this method of manufacturing an optical element, 
15 after forming the conductive layer, a light-transmitting member 

may be provided on the first, surface; 

the light-transmitting member may be of substantially the 
same shape as the semiconductor element of the semiconductor 
wafer; 

20 the electrical characteristics of the semiconductor 

element of the semiconductor wafer may be tested to determine 
satisfactory portions; and 

the light-transmitting member may be provided on the 
semiconductor element determined to be satisfactory portions. 

25 By means of this, the electrical characteristics of each 

semiconductor element of the semiconductor wafer are tested and 
satisfactory portions are determined, then the 
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light-transmitting member is provided on such of the 
semiconductor elements as are determined to be satisfactory 
portions. Therefore, since no light-transmitting member is 
provided on a faulty semiconductor element , waste of the 
5 light-transmitting members is eliminated, and the yield is 
increased, while the manufacturing cost can be held down. 

(11) In this method of manufacturing an optical element, 
the light-transmitting member may be provided after the 
semiconductor wafer is cut. 
10 (12) In this method of manufacturing an optical element, 

the light-transmitting member may be an optical glass. 

(13) In this method of manufacturing an optical element, 
a color filter may be provided on the first surface. 

(14) In this method of manufacturing an optical element, 
15 after forming the conductive layer, microlenses may be provided 

on the first surface. 

(15) An optical element according to the embodiment of 
the present invention comprises a semiconductor chip which has 
an optical section and an electrode electrically connected to 

20 the optical section, 

wherein the semiconductor chip includes a through hole, 
and a conductive layer extending from a first surface of the 
semiconductor ship on which the optical section is formed, 
through an inner wall surface of the through hole, to a second 
25 surface opposite to the first surface. 

According to this embodiment, the semiconductor chip has. 
a through hole, and a conductive layer formed from a first surface 
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on which the optical section is formed, through the inner wall 
surface of the through hole, to a second surface opposite to 
the first surface. The electrical connection with the exterior 
is achieved using the conductive layer formed to extend to the 
5 second surface. For this reason, a conventional ceramic package 
or the like for forming external electrodes is not required, 
the cost can be reduced, and further the mounting area is greatly 
reduced, and higher density mounting is made easy. 

(16) This optical element may further comprise an external 
10 electrode formed on the second surf ace of the semiconductor chip, 

and electrically connected to the conductive layer. 

(17) This optical element may further comprise a stress 
relieving layer formed on the second surface of the semiconductor 
chip, and the conductive layer may be formed over the stress 

15 relieving layer. 

(18) This optical element may further comprise a stress 
relieving layer formed on the second surface of the semiconductor 
chip, and the conductive layer may be formed over the stress 
relieving layer, and the external electrode may be formed in 

20 a position on the second surface corresponding to the stress 
relieving layer. 

(19) This optical element may further comprise a 
light-transmitting member provided on the first surface of the 
semiconductor chip. 

25 (20) In this optical element, the light-transmitting 

member may be of substantially the same shape as the semiconductor 
chip. 
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(21) In this optical element, the light-transmitting 
member may be an optical glass. 

(22) The optical element may further comprise a color 
filter provided on the first surface of the semiconductor chip. 

5 (23) The optical element may further comprise a microlens 

provided on the first surface of the semiconductor chip. 

(24) An electronic instrument according to the embodiment 
of the present invention comprises an optical element which 
includes a semiconductor chip having an optical section and an 

10 electrode electrically connected to the optical section, 

wherein the semiconductor chip has a through hole, and 
a conductive layer formed from a first surface of the 
semiconductor chip on which the optical section is . formed, 
through an inner wall surface of the through hole, to a second 

15 surface opposite to the first surface. 

(25) This electronic instrument may further comprise a 
display section which displays an image based on a signal from 
the optical element. 

The present invention is now described in terms of 
20 embodiments, with reference to the drawings. In the following 
embodiments a photoreceivei: element is described as one example 
of an optical element, but the present invention is not limited 
to this, and the optical element may be a light emitting element . 
The optical element has an optical section. When the optical 
25 element is a photoreceiver element, the optical section is a 
photoreceiver , and when the optical element is a light emitting 
element, the optical section is a photoemitter . 
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First Embodiment 

Fig. 1 is an enlarged sectional view of first embodiment 
of the photoreceiver element of the present invention, and Fig. 
5 2 is an explanatory illustration of a first method of manufacture 
of this embodiment of the photoreceiver element, showing the 
relationship between a semiconductor wafer 5 forming the base 
and an optical glass 9 (light-transmitting member ) to be adhered 
thereto. It should be noted that in Fig. 2, the example shown 
10 is of an optical glass 9 used as the light-transmitting member, 
but for the material of the light-transmitting member, in 
addition to glass, for example resin (plastic) or the like may 
be used. 

Figs. 3 to 5 illustrate the process of a second method 
15 of manufacture of the photoreceiver element of this embodiment, 
in which Fig. 3 shows a semiconductor wafer on which is formed 
a plurality of semiconductor elements 3 having photoreceivers , 
Fig. 4 shows the state when the electrical characteristics have 
been tested and semiconductor elements 3 that have failed the 
20 test are labeled "Bad" marks 3a, and Fig. 5 shows the state where 
those semiconductor elements 3 determined to be satisfactory 
have optical glass (hereinafter referred to as optical glass 
chips 9b) adhered. It should be noted that in this embodiment, 
the semiconductor elements 3 refer either to the parts of the 
25 semiconductor wafer 5 or to the diced semiconductor chips 6. 

The photoreceiver element 1 of this embodiment may undergo 
packaging (formation of conductive layers and the like) at the 



11 



wafer level. In that case, the photoreceiver element 1 is that 
obtained by dicing into the individual semiconductor elements 
3 of Fig. 2 or Fig. 5. Alternatively, the photoreceiver element 

1 may undergo packaging (formation of conductive layers and the 
5 like) after already being diced into individual semiconductor 

chips. 

As shown in Fig. 1, the photoreceiver element 1 comprises 
a semiconductor chip 6 having a photoreceiver 13, and electrodes 

2 electrically connected to the photoreceiver 13. The 
10 semiconductor chip 6 has a first surface B on which the 

photoreceiver 13 is formed, and a second surface A opposite to 
the first surface B. The electrodes 2 are commonly formed on 
the first surface B. It should be noted that the semiconductor 
chip 6 is one of the semiconductor elements 3 (see Figs. 2 and 

15 3) cut from the semiconductor wafer 5. 

The semiconductor chip 6 has through holes 4 extending 
from the first surface B to the second surface A. A conductive 
layer 8 is formed to extend from the electrodes 2 formed on the 
first surface B, including the inner wall of the through holes 

20 4 of the semiconductor chip 6, to the second surface A. In other 
words, the conductive layer 8 is electrically connected at one 
end to the electrodes 2, and at the other end is formed to reach 
second surface A. 

The photoreceiver element 1 may have solder balls 24 

25 forming external electrodes formed on the conductive layer 8 
on the periphery of the through holes 4 . on the second surface 
A of the semiconductor chip 6. The photoreceiver element 1 may 
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have an optical glass 9a or optical glass chip 9b adhered to 
the first surface B of the semiconductor chip 6 by an adhesive 
11 being a transparent resin or low melting point glass or the 
like. 

5 The electrodes 2 have holes 12 formed therein that 

communicate with the through holes 4 through the insulating film 
10. The conductive layer . 8 is formed by lamination on at least 
a part of the electrodes 2. On the inside of the through holes 
4, the insulating film 10 is formed under the conductive layer 

10 8, preventing electrical connection with the circuit formed 
within the semiconductor chip 6. Then by means of the conductive 
layer 8, electrical connection between the first surface B of 
the semiconductor chip 6 and the second surface A is achieved. 

The optical glass 9a or optical glass chip 9b here has 

15 the entire surface adhered to the photoreceiver 13, but this 
is not a restrictive condition, and for example may be adhered 
so that the periphery surrounds the photoreceiver 13. 

If the photoreceiver element 1 is a color imaging element , 
as shown in Fig. 1, on the optical glass 9a (or optical glass 

20 chip 9b) a color filter 102 may be formed. The color filter 102 
comprises a coloring layer, protective film, and so on, and is 
formed in one-to-one correspondence with the pixel electrodes 
(photoreceivers 13) . The color filter 102 is formed, for example, 
by well-known methods such as dyeing, pigmenting, 

25 electrodeposition, or printing. By forming the color filter 102 
on the optical glass 9a (or optical glass chip 9b) as a separate 
. member from the semiconductor chip 6, themanuf acturing procedure 
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is made simpler than by direct formation on the semiconductor 
chip 6. 

The semiconductor chip 6 has an insulating film (inter layer 
film) 16 on the surface on. which the photoreceiver 13 is formed. 
5 The insulating film 16 is commonly a film of the oxide of the 
silicon which is the basic material of the semiconductor chip. 
On the insulating film 16, the electrodes (pads) 2 are formed, 
and the electrodes 2 are electrically connected to the 
photoreceiver 13 by a portion not shown in the drawings. The 
10 electrodes 2 are commonly formed of a metal such as aluminum, 
copper or the like. The electrodes 2 are aligned along at least 
one side (commonly two sides or four sides) of the surface of 
the semiconductor chip 6. 

Next, a first method of manufacture of the above described 
15 photoreceiver element 1 is described based on the processes in 
Figs. 2, and 6A to 8B, with reference to Fig. 1. 

First method of manufacture 

First, the procedure for creating the semiconductor chip 

20 6 is described based on Figs. 6A to 8B, and with reference to 
Figs. 1 and 2. It should be noted that in the example described 
below, the conductive layer and the like are formed at the wafer 
level (in the semiconductor wafer state). 

As shown in Fig. 6A, before dicing into individual 

25 semiconductor chips 6, on the semiconductor wafer 5 the 
insulating film 16 is formed on the surface on which the 
photoreceiver 13 is formed, and on the insulating film 16 an 
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underlying layer 2a for the electrodes 2 is formed. Then at the 
extremity of the underlying layer 2a, an insulating film 28 is 
laminated on the underlying layer 2a, and the upper layer 2b 
of the electrodes 2 is formed to extend over the insulating film 
5 28. A passivation film 30 is formed avoiding the center portion 
and covering the extremity of the electrodes 2. The passivation 
film 30 can be formed of, for example, Si0 2 , SiN, polyimide resin, 
or the like. 

First, on the first surface B of the semiconductor wafer 

10 5, that is, the surface on which, the photoreceiver 13 and 
electrodes 2 are formed, a resist 32 is formed, also covering 
the electrodes 2. As the method of forming the resist 32 can 
be used spin coating , dipping, or spray coating. The resist 
32 covers the portions not to be etched in a process of etching 

15 described below, and may be any of a photoresist, an electron 
beam resist, or an X-ray resist, and may be either positive or 
negative. The resist 32 used in this embodiment is a positive 
photoresist. After coating with the resist 32, to prevent 
sticking to other materials, prebaking is applied, and the 

20 solvent evaporated. 

Next, as shown in Fig. 6B, the resist 32 is patterned. 
In more detail, a mask is disposed on the resist 32, and it is 
irradiated with energy. The energy depends on the nature of the 
resist 32, and any of light,, electron beams, or X-rays may be 

25 used. In this embodiment, a photoresist 32 is used, and is exposed 
to light. The shape of the mask is determined by the patterning 
shape, and it may have a reverse shape depending on whether the 
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resist 32 is positive or negative. 

After exposure to light, the resist 32 is developed and 
subjected to post-baking. In the patterned resist 32, an opening 
34 is formed, exposing the center portion of the electrodes .2. 
5 As shown in Fig. 6C, the center portion of the electrodes 

2 exposed by the opening 34 of the resist 32 is etched. For the 
etching, dry etching is preferably applied. The dry etching may 
be reactive ion etching (RIE) . As the etching, wet etching may 
also be applied. Thus, in the center portion of the electrodes 

10 2 (portion excluding the extremity) a hole 36 is formed. The 
hole 36 is formed in the position of the through holes 4 described 
in Fig. 1. above . In more detail, the hole 3.6 is in substantially 
the same position as the opening extremity of the through hole 
4, or is formed with a larger size, and communicates with the 

15 through hole 4. 

Then after the resist 32 is removed, as shown in Fig. 6D, 
on the surface of the semiconductor wafer 5 on which the electrodes 
2 are formed (the first surface B) , and on the opposite surface 
(the second surface A) , insulating films 38 and 40 are formed. 

20 The insulating films 38 and 40may be silicon oxide film or nitride 
film, and can be formed by chemical vapor deposition (CVD) . The 
insulating film 38 on the first surface B covers the electrode 
2 and passivation film 30. Since the hole 36 is formed in the 
electrode 2, the insulating film 38 also covers the interior 

25 of the hole 36 (inner wall and exposed insulating film 16) . 

Next, as shown in Fig. 6E, after resists 42 and 44 are 
formed on the first surface B of the semiconductor wafer 5 and 
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the second surface A, these resists 42 and 44 are patterned, 
and in the positions described in Fig. 1 above for the through 
holes 4, openings 46 and 48 are formed. The opening 46 is formed 
on the inside of the hole 36 in the electrode 2, so that the 
5 insulating film 38 is present between the hole 36 and the opening 
4 6 . Therefore, the openings 46 and 48 expose parts of the 
insulating films 38 and 40. It should be noted that the shape 
of the resists 42 and 44 and the method of their patterning are 
governed by the content of the above description of the resist 
10 32. One of the resists 42 and 44 (for example the resist 42) 
may be formed (for example on the first surface B of the 
semiconductor wafer 5), then prebaking applied, and then the 
other (for example the resist 44 ) formed, and then this subjected 
to prebaking. 

15 As shown in Fig. 6F, a hole 50 is formed in the insulating 

films 16 and 38 on the inside of the hole 36 in the electrode 
2, and a hole 52 is formed in the insulating film 40. 

As shown in Fig. 6G, the resists .42 and 44 are removed. 
Then, as shown in Fig. 7A, the part of the semiconductor wafer 

20 5 exposed by the holes 50 and 52 is etched. This etched portion, 
is the portion where the photoreceiver 13 is not formed, and 
is formed of silicon. By means of this etching, depressions 54 
and 56 which can easily be visually recognized are formed on 
the surface of the semiconductor wafer 5. The shape of the 

25 depressions 54 and 56 is not particularly restricted, but may 
be a shape with a taper, or may have walls perpendicular to the 
surface. For the etching, the application of wet etching is simple, 
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but dry etching may equally be applied. The shape of the 
depressions 54 and 56 is determined by the type of etching. 

As shown in Fig. 7B, a pore 58 (for example, diameter 
substantially 20 ^m) is formed in the semiconductor wafer 5. 
5 The pore 58 has a smaller diameter than the through holes 4 
described above in Fig. 1, and is formed at the center of the 
through hole 4. For the formation of the pore 58, a laser (for 
example, a YAG laser or C0 2 laser) can be used. The laser beam 
can be irradiated to detect the positions of the above described 

10 depressions 54 and 56. The laser beam may be irradiated from 
one side only of the semiconductor wafer 5 to form the pore 58, 
or a laser beam may be irradiated from both sides of the 
semiconductor wafer 5 (in sequence, or simultaneously) . If the 
laser beam is irradiated from both sides, the effect on the 

15 semiconductor wafer 5 is reduced. 

As shown in Fig. 7C, a through hole 4 is formed in the 
semiconductor wafer 5. The through hole 4 is formed by enlarging 
the above described pore 58. For example, wet etching may be 
applied, and the inner wall of the pore 58 etched. As etchant, 

20 for example , an aqueous solution of a mixture of hydrogen fluoride 
and ammonium fluoride (buffered hydrofluoric acid) maybe used. 

The through hole 4 here is formed so that at all points 
in the axial direction the opening cross-section has 
substantially the same diameter, but this through hole may be 

25 formed so as to have a form with for example an opening extremity, 
and an intermediate portion of larger diameter than the opening 
extremity (for example, of diameter substantially 40 to 50 ^ 
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m) . If in this way the diameter of the intermediate portion of 
the through hole is made as large as possible, the CVD or 
electroless plating described below can be carried out more 
easily- When, as in this example, the through hole 4 is formed 
5 to be straight, the loss of strength of the semiconductor wafer 
5 due to the formation of the through hole 4 can be limited. 
It should be noted that the through hole 4 may equally have . a 
taper connecting the opening extremity and the intermediate 
portion to each other. The taper may also be formed by enlarging 

10 the pore 58 by wet etching. 

Next, as shown in Fig. 7D, at least on the inner wall of 
the through hole 4 the insulating film 10 is formed. To form 
the insulating film 10, CVD may be applied. The insulating film 
10 may also be formed in regions other than the inner wall of 

15 the through hole 4 . For example, the insulating film 10 may also 
be formed on the insulating films 38 and 40. However, the 
insulating film 10 must not be allowed to block the opening of 
the through hole 4 . 

Next, as shown in Fig. 7E, on the first surface B of the 

20 semiconductor wafer 5, a resist 64 is formed to block the opening 
at one end of the through hole 4 in the semiconductor wafer 5, 
after which the resist 64 is patterned, and an opening 68 is 
formed. It should be noted that when the resist 64 is formed, 
a resist 66 may also be formed on the second surface A. Then 

25 the resists 64 and 66 undergo prebaking. For the method of 
formation and patterning of the resists 64 and 66, the description 
of the above described resist 32 can be applied. The opening 
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68 is formed over at least a part of the electrode 2, but over 
the through hole 4, a part of the resist 64 is left remaining. 
For example, the opening 68 is formed with an annular shape, 
between an outer periphery included within the region of the. 
5 electrode 2, and an inner periphery covering at least the 
extremity of the opening of the through hole 4. It should be 
noted that the annular shape mentioned here may be a polygonal 
annular shape or equally a round annular shape. The opening 68 
exposes a part of the insulating film 10. 

10 Next, as shown in Fig. 7F, with the patterned resist 64 

as a mask, the insulating films 10 and 38 are etched, and a part 
of the electrode 2 is exposed. The part exposed here is the part 
for achieving an electrical connection, and is therefore 
preferably large . Thereafter, as shown in Fig. 7G, the resists 

15 64 and 66 are removed. 

Next, to form the conductive layer, a resist is formed 
on the first surface B of the semiconductor wafer 5 and the second 
surface A, which is then patterned and prebaked. Next, as shown 
in Fig. 8A, the conductive layer 8 is formed in a region from 

20 the electrode 2 on the first surface B to the second surface 
A, and including also the inner wall of the through hole 4 (here 
the surface of the insulating film 10 within the through hole 

To describe the process of formation of this conductive 
25 layer 8 in more detail, first a resist (not shown in the drawings) 
is formed on the first surface B and second surface A of the 
semiconductor wafer 5. Since the resist on the first surface 
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B is formed in a region of large differences of height, it is 
preferably a pre-formed film (dry film) . 

Next, the resist on the first surface B and second surface 
A of the semiconductor wafer 5 is patterned, and an opening (not 
5 shown in the drawings) communicating with the through hole 4, 
and an interconnect pattern (not shown in the drawings) 
connecting with the opening are formed. The opening in the first 
surface B exposes a part of the electrode 2. 

Next, an electroless plating catalyst (not shown in the 

10 drawings) is applied from the through hole 4 extending over the 
exposed portion of the electrode 2. Here, palladium is used as 
the catalyst . As the method of forming the catalyst, for example 
the semiconductor wafer 5 may be immersed in a mixed solution 
including palladium and tin, and then treated with an acid such 

15 as hydrochloric acid, whereby only the palladium is deposited. 
Alternatively, the semiconductor wafer 5 may be immersed in a 
solution of tin chloride, whereby tin ions (reducing agent) are 
adsorbed, and then the semiconductor wafer 5 may be immersed 
in a palladium chloride solution, and the palladiums ion reduced 

20 by the tin ions (reducing agent) to deposit palladium nuclei 
(catalyst) . 

Alternatively, the catalyst may be directly applied by 
aninkjet technique. In using an inkj et technique , the technology 
developed for inkjet printers is applied, and the catalyst can 
25 be deposited rapidly and economically with no waste. An inkjet 
head developed as a product for an inkjet printer or the like 
may be used, for example a piezo jet type using a piezoelectric 
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element, or a Bubble Jet (registered trade mark) type using an 
electrothermal transducer as an energy emitting element, and 
this allows the ejection area and ejection pattern to be 
controlled as required. By means of this, without requiring a 
5 resist patterning step and a resist removal step, and in the 
case that a metal layer is formed over the whole surface, without 
requiring an etching step, the electrical connection portions 
can be formed. 

Next, the resist is removed from the first surface B and 

10 second surface A of the semiconductor wafer 5. By removing the 
resist, the catalyst can be provided only in the region in which 
it is desired to form the electrical connection portion. When 
removing the resist, ultraviolet radiation may be irradiated, 
and immersion in a weak alkali solution may be used to remove 

15 the resist. By means of this, the resist can be remoyed easily 
and reliably. 

It should be noted that here after patterning the resist 
the catalyst is provided, and thereafter the resist is removed, 
whereby the catalyst is exposed in the region in which the 

20 electrical connection portion is to be formed, but the invention 
is not limited to this . For example, after providing the catalyst 
over the whole surface, the resist may be provided by patterning 
to exclude the region of formation of the electrical connection 
portion, whereby as a result the catalyst is exposed in the region 

25 of formation of the electrical connection portion. In this case, 
the resist is removed after the electrical connection portion 
is formed. 
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Next, in the region in which the catalyst is exposed, the 
conductive layer 8 is formedby the electroless plating described 
above. It should be noted that the catalyst is provided on the 
inner wall of the through hole 4 (here the surface of the insulating 
5 film 10) and on the first surface B and second surface A of the 
semiconductor wafer 5. Therefore, the conductive layer 8 is 
formed continuously over the first surface B and second surface 
A of the semiconductor wafer 5 via the through hole 4. The 
conductive layer 8 is laminated on the electrode 2. 

10 As the material of the conductive layer 8 can be used any 

of Ni, Au, Ni+Au, Cu, Ni+Cu, and Ni+Au+Cu. For example, using 
a copper plating fluid, the palladium catalyst acts as nuclei 
to reduce the copper ions in solution, and deposit the copper 
(the conductive layer 8 ) . It should be noted that as the conductive 

15 material for forming the conductive layer 8 a plurality of 
different metals (for example, Ni+Cu, or Ni+Au+Cu) may be used, 
and by means of this the conductive layer 8 may be formed as 
a plurality of layers. 

For electroless plating, a weak alkali copper plating 

20 solution may be used. As the weak alkali (pH value around 9) 
copper plating may be used, for example, PB-570, being a mixture 
of PB-570MU, PB-570A, PB-570B, PB-570C, and PB-570S 
(manufacturer: EBARA-UDYLITE CO. , LTD. ) . By means of this , since 
the copper plating fluid is a weak alkali, even if the electrode 

25 2 is for example of aluminum, the damage thereto can be minimized. 

Alternatively, if a conductive layer not shown in the 
drawings is formed on the surface of the electrode 2 protecting 
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the electrode 2, a strongly alkaline solution can also be used. 
The conductive layer 8 may be a single layer, or may equally 
be a plurality of layers. For example, the conductive layer 8 
may be formed of two layers, . of nickel and gold. As a method 
5 of forming the conductive layer 8 of nickel, first zincate 
treatment may be applied over the electrode 2, replacing the 
surface of the aluminum with zinc, and then by immersion in an 
electroless nickel plating fluid, through a zinc and nickel 
replacement reaction, nickel may be deposited. Alternatively, 

10 the aluminum may be immersed in a palladium solution which is 
selectively adsorbed by the aluminum only, and then immersed 
in an electroless nickel plating fluid, in which the palladium 
acts as nuclei, to deposit a film of nickel . The conductive layer 
8 may be formed only of nickel, or by further immersion in an 

15 electroless gold plating fluid, a film of gold may be further 
formed on the surface of the nickel. By forming the gold film, 
the electrical connection with the conductive layer 8 can be 
further made more positive. 

All of the above described examples are of methods of 

20 forming the conductive layer 8 which use a wet method (plating) , 
but as other methods may equally be used a conventional dry method 
(sputtering or the like) , or a combination of a dry method and 
a wet method. 

It should be noted that the portion of the conductive layer 
25 8 on the electrical connection portion on the second surface 
A around the periphery of the through hole 4 preferably has the 
conductive layer made thicker (for example> at least 
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substantially 5 ^m) . 

By means of the above process, the conductive layer 8 is 
formed/ and a part of the conductive layer 8 on the second surface 
A forms a seat 8a (see Fig. 8A) for forming solder balls. 
5 In the process of forming solder balls, as shown in Fig. 

8B, on the seat 8a, a solder ball 24 forming an external electrode 
is formed. The solder ball 24 is formed by first forming a thick 
layer of solder to form the solder ball on the seat 8a. The 
thickness of this solder is determined by the amount of solder 

10 corresponding to the ball diameter required in subsequent 
formation of the solder ball. The solder layer is formed by 
electroplating, printing, or a similar method. Thereafter, by 
means of the "wet-bag process" at least a hemispherical ball 
is created, to form the solder ball 24. Here "wet-bag" refers 

15 to the formation of a bump of substantially hemispherical shape 
during the reflow process after formation of the external 
electrode from solder in the formation position. 

Thus as above, the semiconductor wafer 5 having a plurality 
of semiconductor elements 3 shown in Fig. 2 is obtained. 

20 The semiconductor wafer 5 may be provided with the optical 

glass 9 (light-transmitting member). As shown in. Fig. 2, for 
example, an optical glass 9 having substantially the same shape 
as the semiconductor wafer 5 and having dicing lines Lb formed 
in the same pattern as the dicing lines La of the semiconductor 

25 wafer 5 is bonded to a surface of the semiconductor wafer 5, 
namely the first surface B of the semiconductor element 3, using 
an adhesive 11 constituted by a transparent resin or low melting 



25 



point glass , after the dicing lines La and Lb have been aligned 
with each other. Thereafter, the semiconductor wafer 5 and 
optical glass 9 are diced together along the dicing lines La 
andLb, and the photoreceiver element 1 shown in Fig . lisobtained. 
5 Thus, in this embodiment, in each semiconductor element 

3 of the semiconductor wafer 5 a through hole 4 is formed, and 
the conductive layer 8 is formed from the first surface B of 
the semiconductor element 3 on which the photoreceiver 13 is 
formed to the opposite second surface A, including the inner 

10 wall of the through hole 4 thereof. The electrical connection 
of the photoreceiver element 1 to the outside is achieved using 
the conductive layer 8 formed to extend as far as the second 
surface A. Therefore, a conventional ceramic package or the like 
forming the external electrodes is not required, the cost can 

15 be reduced, and the mounting area can be further greatly reduced 
to enable easier high density mounting . Since the opticaJL glass 
9 is adhered at the stage of the semiconductor wafer 5 before 
dicing into individual semiconductor elements 3, the 
manufacturing procedure is simplified, and particle management 

20 is not required. 

Next, a second method of manufacture of the above described 
photoreceiver element lis described based on the processes in 
Figs. 3 to 5, with reference to Fig. l. It should be noted that 
for the process of creation of the conductive layer 8 and the 

25 like the description of Figs. 6 to 8 above can be applied. Here, 
therefore, the description begins from the stage at which the 
semiconductor wafer 5 having the semiconductor elements 3 has 
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been obtained. 

Second method of manufacture 

First, the electrical characteristics of the 
5 semiconductor elements 3 of the semiconductor wafer 5 shown in 
Fig. 3 are tested, using an LSI tester and a wafer prober, a 
pass/fail decision is made, and to the semiconductor elements 
3 determined as failing, "Bad" marks 3a are applied, as shown 
in Fig. 4. For the method of applying the "Bad" marks 3a, an 
10 ink or laser may be used, or a wafer map (a map of the good and 
bad components held in memory in a computer) may be used. 

Next, to the first surface B of each of the semiconductor 
elements 3 determined to be satisfactory only, are adhered 
individual pieces of optical glass as shown in Fig. 5, that is 
15 to say, optical glass chips 9b, using an adhesive 11 constituted 
by a transparent resin or low melting point glass. Thereafter, 
the semiconductor wafer 5 is diced along the dicing lines La, 
whereby the photoreceiver element 1 shown in Fig. 1 is obtained. 

Thus, in this method of manufacture also, the optical glass 
20 chips 9b are adhered at the stage of the semiconductor wafer 
5 before dicing into individual semiconductor elements 3, as 
a result of which the manufacturing procedure is simplified. 

Since a conventional ceramic package or the like forming 
the external electrodes is not required, the cost can be reduced, 
25 and the mounting area can be further greatly reduced, enabling 
easier high density packaging. 

Since the optical glass chips 9b are adhered only on the 
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first surface B of each of the semiconductor elements 3 of the 
semiconductor wafer 5 determined to be satisfactory, no optical 
glass chips 9b are adhered to faulty photoreceiver chip formation 
portions, there is no waste of the optical glass chips 9b, and 
5 the yield is increased. 

Alternatively, after the semiconductor wafer 5 is diced 
into semiconductor elements 3, the optical glass chips 9b may 
be adhered to the first surface B of those semiconductor elements 
3 determined to be satisfactory. 

10 

Second Embodiment 

Fig. 9 is an enlarged sectional view.of a second embodiment 
of the photoreceiver element of the present invention, and in 
the drawings, parts which are the same as those of the first 

15 embodiment in Fig. 1 are given the same reference numerals. It 
should be noted that in the description, reference is made to 
the above described Figs. 2 to 7G. 

The photoreceiver element 100 of this embodiment also may 
have its packaging carried out at the wafer level. The 

20 photoreceiver element 100 may be obtained by dicing into 
individual semiconductor elements 3 (see Fig. 2) after adhering 
the optical glass 109a (light-transmitting member) , or 
alternatively, after adhering optical glass chips 109b to the 
semiconductor elements 3 determined to be satisfactory, may be 

25 obtained by dicing into individual satisfactory semiconductor 
elements 3 (see Fig.. 5) . It should be noted that the optical 
glass 109a (or optical glass chips 109b) may be a cover glass 
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which covers the photoreceiver 13 of the semiconductor chip 6. 

The photoreceiver element 100, as in Fig. 9, comprises 
the semiconductor chip 6 having electrodes 2 electrically 
connected to the photoreceiver 13 on the first surface B on which 
5 the photoreceiver 13 has been formed. The semiconductor chip 
6 is as already described in the first embodiment. 

The photoreceiver element 100 has a stress relieving layer 
20 formed over part of the second surface A of the semiconductor 
chip 6. Then the conductive layer 8 is formed from the electrodes 

10 2 over the stress relieving layer 20, including the inner wall 
of the through hole 4. The photoreceiver element 100 may have 
solder balls 24 formed on the part of the conductive layer 8 
formed over the stress relieving layer 20. That is to say, the 
part of the conductive layer 8 formed over the stress relieving 

15 layer 20 is a seat 22, for accepting the solder balls 24 forming 
the external electrodes. The photoreceiver element 100 may have 
a protective film 26 formed with the object of protecting the 
second surface A and improving the moisture resistance and formed 
of a solder resist layer covering parts other than the solder 

20 balls 24, and also an optical glass 109a (or optical glass chips 
109b) adhered to the first surface B of the semiconductor chip 
6 by the adhesive 11 constituted by a transparent resin or low 
melting point glass. It should be noted that the description 
is of an example in which entire area of the optical glass 109a 

25 (or optical glass chips 109b) is adhered to the photoreceiver 
13, but this is not a restrictive condition, and for example 
the optical glass may be adhered so that the periphery thereof 
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surrounds the photoreceiver 13. To other aspects of the 
construction, the description above of Fig. lean be applied. 

Next, the method of manufacture of the above described 
photoreceiver element 100 is. described. In this example, as 
5 described above, there are broadly two methods of manufacture. 
In one, to the surface of the semiconductor wafer 5, that is, 
the surface having the semiconductor elements 3, the optical 
glass 10 9a of substantially the same shape as the semiconductor 
wafer 5, and with dicing lines Lb formed in the same pattern" 

10 as the dicing lines La of the semiconductor wafer 5. is adhered 
with an adhesive 11 constituted by a transparent resin or low 
melting point glass (see Fig. 2) , after having the dicing lines 
La and Lb aligned with each other. Next, the semiconductor wafer 
5 and optical glass 109a are diced together along the. dicing 

15 lines La and Lb, to yield the photoreceiver element 100 shown 
in Fig. 9. In the other method, the electrical characteristics 
of the semiconductor elements 3 of the semiconductor wafer 5 
are tested, using an LSI tester and a wafer prober, a pass/fail 
decision is made, and to the photoreceiver chip formation 

20 portions 3 determined as failing, "Bad" marks 3a are applied, 
while to the first surface B of each of the photoreceiver chip 
formation portions 3 determined to be satisfactory only, are 
adhered individual optical glass chips 109b by an adhesive 11 
constituted by a transparent resin or low melting point glass 

25 (see Figs. 3 to 5) . Then the semiconductor wafer 5 is diced along 
the dicing lines La, and the photoreceiver element 100 shown 
in Fig. 9 is obtained. 
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The semiconductor chip 6 is fabricated by the steps shown 
in Figs. 6A to 7G and Figs. 10A to 11C, and for the process up 
to forming the through hole 4 (Figs. 6Ato7G) the above description 
of embodiment 1 can be applied without modification. Therefore, 
5 here the description centers on the process of formation of the 
through hole 4 (Figs. 10A to 11C) . 

First, as in Fig. 7G, the through hole 4 is formed in each 
semiconductor element 3, and on the second surface A of the 
semiconductor wafer 5 on which a part of the electrode 2 is exposed, 

10 as in Fig. 10A, a photosensitive polyimide resin is applied (for 
example, by the spin-coating method) , and a resin layer. 70 is 
formed. T he resin layer 70 is preferably formed with a thickness 
in the range 1 to 100 M m, and more preferably substantially 
10 M m. It should be noted that with the spin coating there is 

15 a large amount of wasted polyimide resin, and therefore a device 
ejecting the polyimide resin in a strip by means of a pump may 
be used. As such an apparatus, for example, the one disclosed 
in US Patent No. 4,696, 885 may be used. It should be noted that 
this resin layer 70 has the function of the stress relieving 

20 layer 20 described above in Fig. 9. 

Next, as in Fig. 10B, the resin layer 70 is exposed to 
light, developed, and baked, whereby the portion forming a seat 
for the redisposal interconnecting line described below, that 
is, the stress relieving layer 20, is left remaining and the 

25 rest is removed. 

It should be noted that here the example of the resin 
constituting the stress relieving layer 20 described is a 
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photosensitive polyimide resin, but a resin which is .not 
photosensitive may also be used. For example, a silicon denatured 
polyimide resin, an epoxy resin, or a silicon denatured epoxy 
resin, or the like, being a material which when solidified has 
5 a low Young's modulus (not more than 1 x 10 10 Pa), and having 
a stress relieving effect , maybe used. When a non-photosensitive 
resin is used, it is formed into a predetermined shape thereafter, 
using a photoresist, and a photo processing process. 

Next, to form the conductive layer, after a resist has 

10 been formed on the first surface B and second surface A of the 
semiconductor wafer 5, it is patterned, and prebaked. Next, as 
shown in Fig. 10C, the conductive layer 8 is formed in a region 
that extends from the electrodes 2 on the first surface B to 
the second surface A, ant that having redisposal interconnecting 

15 line 18 and the seat 22 covering the surf ace of the stress relieving 
layer 20 on the second surface A, and that also includes the 
inner wall of the through hole 4 (here the surface of the insulatingr 
film 10 inside the through hole 4) . For details of the formation 
of the patterning of the conductive layer 8, the description 

20 of embodiment 1 described above in Figs . 8A and 8B can be applied. 

It should be noted that the seat 22 forming the electrical 
connection portion on the second surface A preferably has the 
conductive layer formed thickly (for example, at least 
substantially 5 /zm). 

25 By means of the above process, the conductive layer 8 is 

formed, a part of the conductive layer. 8 forms a redisposal 
interconnecting line 18 on the second surface A, and the end 
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of the redisposal interconnecting line 18 covers the surface 
of the stress relieving layer 20 formed of resin such as polyimide 
or the like, whereby this portion forms the seat 22 for forming 
solder balls. 

5 In the process of formation of the solder balls, first 

as shown in Fig. 11A, a photosensitive solder resist layer to 
form the protective film 2 6 is formed by application over the 
whole of the second surface A of the semiconductor wafer 5. 

Then exposure to light, development, andbaking are carried 

10 out, and as shown in Fig. 11B, of the solder resist layer, the 
region of the portion covering the seat 22 is removed. In this 
way, the remaining solder resist layer forms the protective film 
26 which acts as an anti-oxidation film, and which also works 
to protect the second surface A of the photoreceiver element 

15 100 in the finished product (Fig. 9) and improve moisture 
resistance . 

Next, as shown in Fig. 11C, over the seat 22, a solder 
ball 24 to forman external electrode is formed. As to the formation 
of the solder ball 24, first a thick layer of the solder to form 
20 the solder ball is formed over the seat 22. The thickness of 
this solder is determined by the amount of solder corresponding 
to the diameter of the ball in the subsequent formation of the 
solder ball. The solder layer is formed by electroplating, or 
printing, or the like. Thereafter, by means of the "wet-bag 
25 process" , a ball form of at least hemispherical shape is formed, 
forming the solder ball 24. 

Thus as above, semiconductor wafer 5 having a plurality 
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of semiconductor elements 3 as shown in Fig . 1 or Fig . 3 is obtained. 
Then by means of the thus formed semiconductor elements 3 of 
the semiconductor wafer 5, when the photoreceiver element 100 
(Fig. 9) is finally formed by dicing into individual items, by 
5 means of the stress relieving layer 20 of resin, stress due to 
differences in the coefficient of thermal expansion between the 
circuit board (not shown in the drawings) and the semiconductor 
chip 6 is absorbed. 

Thus, in this embodiment, the stress relieving layer 20 

10 is formed partially on the second surface A of the semiconductor 
elements 3 of the semiconductor wafer 5 . Further, the conductive 
layer 8 is formed from the electrodes 2, including the inner 
wall of the through hole 4, to over the stress relieving layer 
20. In this embodiment also, the external electrical connection 

15 of the photoreceiver element 100 can be carried out using the 
conductive layer 8 (redisposal interconnecting line 18) which 
is formed to extend over the stress relieving layer 20 on the 
second surface A. Therefore, in addition to the effect described 
for the first embodiment, by means of the stress relieving layer 

20 20 formed of resin, there is the additional benefit that stress 
due to differences in the coefficient of thermal expansion 
between the circuit board (not shown in the drawings) and the 
semiconductor chip 6 is absorbed. 

It should be noted that as another method of manufacture 

25 of the photoreceiver element , the photoreceiver chips previously 
diced into individual chips may have individual pieces of optical 
glass adhered thereto. 
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Fig. 12 shows a variant of this embodiment of the 
photoreceiver element. A photoreceiver element 300 further 
includes in the above described photoreceiver element 100 (see 
Fig. 9), a color filter 104 and. a microlens 106 . The color filter 
5 104 and microlens 106 are formed on the first surface B. 

In the example shown in Fig. 12, the color filter 104 is 
directly formed on the surface of the semiconductor chip 6 on 
which the photoreceiver 13 is formed. The color filter 104 may 
be formed on each semiconductor element at the stage of the 

10 semiconductor wafer. By means of this, since the color filter 
104 can be formed on the semiconductor wafer ina single operation, 
this yields excellent productivity. Alternatively, it may be 
formed after dicing into individual semiconductor chips 6. The 
method of formation of the color filter 104 is not restricted, 

15 and may for example be the dyeing method of dyeing a previously 
formed transparent layer, or the pigment method of applying a 
medium in which a pigment is dispersed. It should be noted that 
the color filter 104 may be patterned in a particular form by 
application of a photolithography technique, or may be patterned 

20 by a printing method. If the color filter 104 is formed directly 
over the semiconductor chip 6, it is not necessary to form a 
color filter on the optical glass 109a (or optical glass chips 
109b) . 

In the example shown in Fig. 12, a plurality of microlenses 
25 (convex lenses) 106 are disposed in an array on the first surface 
B. The microlens 106 is disposed in one-to-one correspondence 
. with the pixel electrodes (for each photoreceiver 13) . By means 
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of this, light passing through each photoreceiver 13 can be 
stopped down . It should be noted that the microlens 106 is formed 
of glass or resin (plastic) or the like. 

In distinction to the example shown in Fig. 12, the color 
5 filter 104 may be formed on the surface of the optical glass 
109a (or optical glass chips 109b) (see the first embodiment) . 
Alternatively, the color filter 104 may be formed between the 
optical glass 109a (or optical glass chips 109b) and the microlens 
106. 

10 In the example shown in Fig. 12, either of the color filter 

104 and microlens 106 may be omitted. For example, when the color 
filter 104 is omitted, the microlens 106 may be given the function 
of a color filter. 

It should be noted that the color filter 104 and microlens 

15 106 can be formed by the application of methods already known 
in the art. 

Third Embodiment 

Figs. 13 to 15B show an embodiment of an electronic 

20 instrument incorporating the photoreceiver element (one example 
of an optical element) of the present invention. This electronic 
instrument, more specifically, maybe any of a variety of imaging 
devices including image sensors. 

In Fig. 13 is shown a personal computer 1000 having an 

25 imaging unit 1100 and a display section 1200. This personal 
computer 1000 captures a subject with the imaging unit 1100, 
and after converting an optical signal to an electrical signal 



36 



with the above described phot or eceiver element, it displays based 
on this electrical signal an image with the display section 1200 . 
By means of this, since a compact photoreceiver element is mounted, 
an electronic instrument which is compact and has a high degree 
5 of integration can be provided. 

As examples of other electronic instruments, in Fig. 14 
is shown a digital camera 2000 equipped with an imaging unit 
2100, and in Figs. 15A and 15B is shown a mobile telephone 3000 
equipped with an imaging unit 3100 and a display section 3200. 

10 
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